Douchi is a fermented soybean food, which is popular in China. Composition and angiotensin I-converting enzyme-inhibitory activity of Douchi fermented with Mucor wutungkiao were studied in this work. The results showed that the nutritional potency of protein, fat, and soluble polysaccharide was improved in Douchi fermentation. The angiotensin I-converting enzyme-inhibitory activity of Douchi that ripening for 2 weeks showed the highest angiotensin I-converting enzyme-inhibitory activity. Then this sample was purified with Sephadex G-25 gel chromatography, and the amino acids and angiotensin I-converting enzyme-inhibitory activity of the purified fractions were studied. The results suggested that hydrophobic amino acids were assumed to cause the main increase of the angiotensin I-converting enzyme-inhibitory activity in Douchi.
INTRODUCTION
Douchi, generally used as a condiment, is a traditional Chinese fermented food. It is mainly fermented by Bacillus subtilis and mold. [1] The soybean is used as the nutrition source by the fermentation microorganism during the fermentation, and many enzymes were produced in this process. [2] Biochemical change was observed in the traditional soybean condiments. [3] It was reported that nutrient digestibility had been improved during the fermentation. [4] It was also reported that not only the nutritive value but also the functionality of fermented food were affected by the fermentation process. [5] [6] [7] [8] [9] Pan's study showed fermentation conditions affect the production of angiotensin I-converting enzyme (ACE)-inhibitory peptides in sour milk. [10] Zhang reported that hypertension can be lowered by peptides purified from Douchi, which was fermented by Aspergillus Egyptiacus. [11] Hypertension is a cardiovascular disease that can lead to brain, heart, and blood vessel damage. [12] ACE is the key enzyme that controls hypertension in human body. [13] Because of the safety of polypeptides, more and more people begin to pay attention to food source polypeptides, which can affect the physiological and biochemical reactions in human body. Many ACE-inhibitory peptides were separated from food proteins, [14] [15] [16] such as natto, tempeh, [17] soy sauce, [18] and so on. Although there are some reports relating to Douchi manufacturing, there are few that have paid attention to composition changes and ACEinhibitors of Douchi fermented with Mucor wutungkiao during the fermentation. In the present study, we determined the protein content, fat content, soluble polysaccharide content, and we also analyzed the ACE-inhibitors in Douchi fermented with Mucor wutungkiao.
MATERIALS AND METHODS

Materials
Soybeans were purchased from the Jilin Academy of Agricultural Sciences, China. Mucor wutungkiao was donated by China Center of Industrial Culture Collection (Beijing, China). Hippuryl-His-Leu (HHL), ACE (from rabbit lung), and O-phthaldialdehyde (OPA) were purchased from Sigma Chemical Company.
Douchi Preparation
Soybeans were washed and soaked in distilled water at 40ºC for 3 h. After the water had been drained, the soybeans were steamed at 121ºC for 30 min in an automatic autoclave (YXQ-LS-50, ShangHai BoXun Industry & Commerce Co., Ltd.), and then the surface of the sterilized soybeans was sprayed with conidia of Mucor wutungkiao spores (10 7 spores/mL, 1 mL conidia/100 g soybeans). The mixture was fermented at 28ºC and approximately 90% relative humidity for 60 h, and the semi-finished product was called Douchi qu which is the product of this pre-fermentation stage. Douchi qu was washed and put into a series of glass jars with the addition of NaCl, and the NaCl content was 12.5% (w/w, based on the weight of the soybeans). These samples were ripened for 1, 2, 3, and 4 weeks at 28ºC.
Determination of Crude Protein, Crude Fat, and Soluble Polysaccharide Content
Soaked soybean after soaking and Douchi qu after pre-fermentation were sampled for analysis. And Douchi ripening for 1, 2, 3, and 4 weeks (R1, R2, R3, R4) were also sampled for analysis. All the samples are lyophilized samples. Protein content was determined according to the Kjeldahl method. [19] Fat was extracted in a Soxhlet apparatus according to the following way: 3.50 g sample wrapped with filter paper was dried to a constant weight at 105ºC. Then they were placed in a Soxhlet-extractor. Anhydrous diethyl ether was added to the extraction flask which was dried to constant weight. The extraction flask was heated in the water bath at 60ºC. The fat was extracted by the way of siphoning for 6 h. Then recycling the diethyl ether and evaporating the remaining diethyl ether (about 1~2 mL) within the extraction flask to dryness in the water bath. And then the extraction flask with fat in it was placed in a drying oven for 1 h before they were removed into a desiccator to cool to room temperature. The drying and cooling process was repeated until the weight was constant. And the increase in the weight of the flask with fat was the fat weight, which is calculated in the following formula:
where W is the weight of the sample; W 0 is the weight of the extraction flask; W 1 is the weight of the extraction flask and fat. Determination of soluble polysaccharide content of the samples was according to the phenol-sulfuric acid method. [20] Phenol solution (1.6 mL; w/v, 5%) was added into 1 mL of water extract of the sample. It was mixed and 7 mL of concentrated sulfuric acid was added into the water extract. Then the liquid mixture was added to a volume of 10 mL. The mixed solution was left at room temperature for 20 min. The absorbance of the liquid was measured at 490 nm. The standard curve was constructed with glucose.
Preparation of Water Extract
Lyophilized Douchi samples (1 g) were suspended in 10 mL of distilled water. The mixture was homogenized for 1 min using a T25BS4 homogenizer (IKA Labortechnik, Staufen, Germany) before it was sonicated for 30 min. The solution was then extracted in an orbital shaker (WSZ-100A, Yiheng Technical Co., Ltd., Shanghai, China) for 60 min at room temperature and under continuously stirring (150 rpm). After boiling for 15 min, the mixture was centrifuged at 12,000 × g for 20 min. The resulting supernatant was then filtered using a 0.45-μm membrane filter, and the filtrate was Douchi extract.
ACE-Inhibitory Activity In Vitro
ACE activity was measured by the modified method of Horie. [21] ACE-inhibitory activity was calculated as follows:
where a is the fluorescence intensity of the ACE solution with ACE inhibitors; b is the fluorescence intensity of ACE solution without ACE inhibitors; c is the fluorescence intensity of the ACE inhibitors; and d is the fluorescence intensity of the buffer.
Purification and Characterization of ACE-Inhibitory Peptides
Polypeptide solution prepared from Douchi extract was purified by a Sephadex G-25 gel column (Pharmacia Co., Ltd, Ф 0.9 × 30 cm), which was eluted with distilled water at a flow rate of 0.2 mL/min. Absorbance of the elution that from the column was measured at 220 nm by using a UV spectrophotometer (UV mini 1240, Shimadzu, Kyoto). Fractions with ACE-inhibitory activity were collected and lyophilized.
Amino Acid Analysis
Amino acids of Douchi ACE-inhibitors were analyzed by an amino acid analyzer (L-8500A, Hitachi, Ltd.) according to the modified method of Sanni. [22] Concentrated hydrochloric acid (0.3 mL) was added into 0.3 mL of purified fractions in a hydrolysis tube. Then the hydrolysis tube was flushed with nitrogen before sealing. The purified fraction was then hydrolyzed at 110ºC for 24 h. After cooling, the hydrolysate was filtrated, and 0.4 mL of the filtrate was lyophilized. Then citrate buffer (pH 2.2) was used to dissolve the lyophilized sample. Fifty microliters of the solution was used to analyze the amino acid composition.
Statistical Analysis
Experiments were performed in triplicate and repeated at least three times. Results are expressed as mean ± SD. Analysis of variance was performed using the Statistical Analysis System (Version 9.1, SAS Institute, Inc., Cary, NC, USA) to examine the differences among treatments at p < 0.05.
RESULT AND DISCUSSION
Changes of Crude Protein Content During Douchi Fermentation
The crude protein content of soaked soybean is 40.02%, then it increased to 41.23% at the end of the pre-fermentation (Fig. 1a) . The protein content of Douchi samples ripening for 1 to 4 weeks was 38.16, 36.23, 35.36, and 33 .98%, respectively. The analysis of variance showed that the change of protein was not significant during ripening. The reason for the decrease of crude protein content is that polypeptides and amino acids from the protein hydrolysis are used by the microorganisms. [23] Proteins were broken down into polypeptides and amino acids by microbial enzymes during Douchi fermentation. [24 , 25] Our previous study results shows that the peptide content of Douchi fermented with Mucor wutungkiao had been increasing during the fermentation. [26] Consequently, we can concluded that Douchi ripening accompanied with "S" is the abbreviation of "soaking," and the sample of "soaking" was "soaked soybean;" "P" is the abbreviation of "prefermentation," and the sample of "pre-fermentation" was Douchi qu; R is the abbreviation of "ripening," and "R1" to "R4" were "ripening" for 1, 2, 3, and 4 weeks, respectively. Samples of R1 to R4 were Douchi samples after ripening for 1, 2, 3, and 4 weeks, respectively.
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nutrient decomposition under the action of microbial enzyme, and the increase of peptide and amino acid content contributed to protein digestibility. [27] 
Crude Fat Content
Changes of crude fat content during Douchi fermentation was shown in Fig. 1b . The analysis of variance suggested that there was no significant change in crude fat content during Douchi fermentation. The crude fat content of the soaked soybean is 19.81%, and the content decreased to 18.11% after 4 weeks ripening (R4). Similar results were observed in an early study, [28] in which the crude fat content varied from 23.08 to 21.57% during Douchi fermentation. Fang [29] also reported the similar results in Douchi fermentation. Factors affect fat hydrolysis are pH, temperature, substrate specificity, and so on. [30] The change in crude fat content shows that the processing conditions of Douchi are not the best conditions for Douchi lipase.
Soluble Polysaccharide Content
The soluble polysaccharide content of soaked soybean was 5.66 g/100 g dry matter, as was shown in Fig 1c. The soluble polysaccharide content increased to 8.21 g/100 g dry matter at the end of Douchi pre-fermentation, then it decreased to 6.5 g/100 g dry matter after four weeks of ripening. The increase in soluble polysaccharide content was because of the hydrolysis of carbohydrate in these samples. Then the soluble polysaccharides were used by the microorganisms, [31] and this phenomenon led to the slow decrease of soluble polysaccharide content at the ripening stage. [32] The analysis of variance showed that the change of soluble polysaccharide content was not significant. However, the former results [33] showed that the hardness of Douchi declined significantly during ripening (p < 0.05). Therefore, we can conclude that Douchi was hydrolyzed in the fermentation, and the nutritional potency was improved because more micro molecular polysaccharides which improved the nutritional potency were obtained by the way of ripening.
ACE-Inhibitory Activity
ACE-inhibitory activity of Douchi during the fermentation was shown in Fig. 2a . The ACE-inhibitory activity increased at the pre-fermentation stage and the first two weeks of ripening. Douchi sample ripening for 2 weeks showed the highest ACE-inhibitory activity, which was 76.48%. Then the ACE-inhibitory activity declined. This result showed that the content of peptide with ACE-inhibitory activity decreased at the last 2 weeks of ripening.
Purification of ACE-Inhibitory Peptide
Extract of Douchi sample ripening for 2 weeks was purified by Sephadex G-25 gel column because of the highest ACE-inhibitory activity. The absorbance of each fraction at 220 nm was measured according to the method of Zhang. [11] Seven peaks were observed in our study (Fig. 2b) . We collected the extracts at the same peak, and these samples were named F1, F2, F3, F4, F5, F6, and F7, respectively. Then the ACE-inhibitory activity was determined, the result was shown in Fig. 2c . Every fraction in our study has the ACE-inhibitory activity, which varied from each other. The ACE-inhibitory activity of F2 and F5 was 74.78 and 89.04%, respectively. However, the ACE-inhibitory activity of F1, F3, F4, F6, and F7 was less than 30%. Consequently, F2 and F5 were selected for further study. The time interval of the elution time for F2 and F5 was 85 min. This result showed that the molecular weight of F2 and F5 is different, and the ACE-inhibitory activity of peptide with small molecular weight was higher than that of high molecular weight peptide in the extracts.
Amino Acid Analysis
In order to determine the composition, we analyzed the amino acids of F2 and F5. The result was shown in Table 1 . The content of hydrophobic amino acid was 27.97% in F2. It was reported that the structure of C-terminal tripeptide in the peptide chain is in favor of the combination between ACE-inhibitory peptides and ACE. [34, 35] Moreover, aromatic amino acid content is 16.22% in F2. When the dipeptide and tripeptide of the C-terminal group are aromatic amino acids, the polypeptide will show strong ACE-inhibitory activity. [36] [37] [38] Many peptides with high ACE-inhibitory activity contain proline. [39] The proline content of F2 is 14.54%.
In F5, the content of hydrophobic amino acid, aromatic amino acid and proline was 34.84, 11.85, and 10.39%, respectively. Hydrophobic peptides are easy to combine with the active site of ACE, as is the reason for ACE inactivation. [40] The content of Val, Met, and Ala that belong to hydrophobic amino acid in F5 is higher than that in F2. We can conclude that these hydrophobic amino acids played an important role in the ACE-inhibitory activity. FIGURE 2 A: Changes of ACE-inhibitory activity in Douchi fermentation, "S" is the abbreviation of "soaking," and the sample of "soaking" was "soaked soybean;" "P" is the abbreviation of "pre-fermentation," and the sample of "pre-fermentation" was Douchi qu; R is the abbreviation of "ripening," and "R1" to "R4" were "ripening" for 1, 2, 3, and 4 weeks, respectively. Samples of R1 to R4 were Douchi samples after ripening for 1, 2, 3, and 4 weeks, respectively, B: Elution profile of R2 sample on a Sephadex G-25 gel filtration column, C: ACE-inhibitory activity of fractions purified from gel filtration.
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CONCLUSION
The nutritional potency of Douchi was improved in the fermentation, and the ACE-inhibitory activity also changed during Douchi fermentation. Change of composition affected the ACE-inhibitory activity in Douchi, as was because that the proteins were hydrolyzed in to peptides, which are the main reasons for Douchi ACE-inhibitory activity. And peptides reacted with other hydrolysates. Consequently, finding the best time point for nutritional potency and ACE-inhibitory activity in Douchi fermentation is a good way to produce Douchi with high nutrient content and functionality. And hydrophobic amino acids contribute to the ACE-inhibitory activity of Douchi extract. 
